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many	 angiosperm	 families,	 using	 continuous	metrics	 of	 self-compatibility	 and	 au-
tofertility	and	including	both	native	and	naturalized	species.	We	provide	global	evi-
dence	that	high	selfing	ability	may	foster	island	colonization	of	angiosperms.
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1  | INTRODUC TION
The	geographical	distribution	of	species	on	oceanic	islands	reflects	
colonization	 success	 after	 long‐distance	 dispersal,	 subsequent	
evolution	 and	 radiation	 and,	 more	 recently,	 introduction	 by	 hu-
mans	(MacArthur	&	Wilson,	1967;	Moser	et	al.,	2018;	Whittaker	&	




Baker’s	 law	 refers	 to	 the	advantage	of	 species	with	a	capacity	 for	
uniparental	 reproduction	when	 colonizing	 new	 habitat	 after	 long‐


















quencies	 of	 self‐incompatible	 and	 dioecious	 species	 in	 the	 floras	
of	 oceanic	 islands	 (Bawa,	 1982;	 Carlquist,	 1966;	 Sakai,	 Wagner,	
Ferguson,	&	Herbst,	1995).	This	apparent	contradiction	might	result	
from	 the	 evolution	 of	 species	 reproductive	 traits	 after	 establish-
ment	(Pannell	et	al.,	2015).	On	the	one	hand,	the	paucity	of	 insect	
pollinators	 on	 islands	 has	 been	 suggested	 to	 favour	 the	 evolution	
of	floral	traits,	such	as	reductions	in	flower	size	and	anther–stigma	
separation,	 that	 increase	 selfing	 in	 self‐compatible	plants	 (Barrett,	
1996).	On	the	other	hand,	outcrossing	should	be	advantageous	for	




ecy,	 herkogamy	 and	 dichogamy,	might	 therefore	 be	 important	 for	
the	subsequent	radiation	and	diversification	of	species	after	estab-
lishment	on	islands	(Barrett,	1996).
Recently,	 Grossenbacher	 et	 al.	 (2017)	 found	 a	 greater	 propor-
tion	of	self‐compatible	species	on	islands	than	in	mainland	regions	in	
a	 study	 on	>	1,500	 species.	That	 study	 provides	 strong	 support	 for	
Baker’s	law,	but	it	was	restricted	to	three	angiosperm	families	and	did	
not	 look	at	 autofertility,	 that	 is,	 the	 ability	of	 self‐compatible	plants	
to	 self‐pollinate.	Moreover,	 it	 only	 differentiated	 between	mainland	
and	island	species,	both	including	and	excluding	the	island	endemics,	
and	 did	 not	 test	whether	 self‐compatibility	 differed	 between	 island	





for	major	evolutionary	post‐arrival	 transitions	 is	minimal.	More	 than	
13,000	alien	plant	species	have	been	 introduced	by	humans	to	new	
regions	where	they	have	become	part	of	the	local	flora	(Pyšek	et	al.,	



























the	 commonly	 used	 qualitative	measures,	 such	 as	 self‐compatible	
versus	self‐incompatible,	when	addressing	general	ecological	ques-
tions	 related	 to	 plant	 reproductive	 strategies.	 However,	 previous	
studies	 testing	 the	 role	of	 breeding	 systems	 in	 island	 colonization	




metrics	of	self‐compatibility	and	autofertility,	 it	 is	 important	to	ac-
count	for	 life	history	when	testing	the	relationship	between	island	
colonization	and	selfing	ability.
Here,	 we	 combined	 three	 comprehensive	 global	 databases	 to	
test	 whether	 plant	 species	 with	 high	 self‐compatibility	 and	 aut-
ofertility	 were	 more	 likely	 to	 occur	 on	 islands,	 as	 predicted	 by	
Baker’s	law.	We	assumed	that	species	that	colonized	islands,	either	
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naturally	or	after	introduction	by	humans,	arrived	from	the	mainland.	 
Thus,	we	considered	that	species	currently	occurring	on	the	main-
land	 and	 absent	 from	 island	 floras	 have	 failed	 to	 colonize	 islands	
(hereafter	 referred	 to	 as	 mainland	 species).	 Species	 that	 occur	
both	on	the	mainland	and	on	islands	are	likely	to	have	succeeded	in	 
colonizing	 an	 island	 from	 the	 mainland	 (island	 colonists).	 Finally,	
species	 occurring	 only	 on	 islands	 are	 likely	 to	 have	 evolved	 there	
after	arrival	of	a	colonist	ancestor	 (island	endemics).	We	explicitly	
consider	 these	different	 types	of	plant	distributions	 (i.e.,	mainland	
species,	island	colonists	and	island	endemics)	and	ask	the	following	
questions.
1.	 Are	 plant	 species	 with	 high	 selfing	 ability	 more	 likely	 to	 occur	
on	both	the	mainland	and	islands	than	only	on	the	mainland	(i.e.,	

















the	 selfing	ability	of	each	 species	 in	 the	present	 study,	we	used	a	
global	 database	 on	 breeding	 systems	 of	 angiosperms	 (for	 details	
on	 the	 compilation,	 see	 Razanajatovo	 et	 al.,	 2016).	 Briefly,	 selfing	
ability	 indices	were	calculated	using	 fruit	 set	and	seed	production	
after	different	breeding-system	treatments.	First,	a	self-compatibil-










2017;	 http://gift.uni-goettingen.de),	 which	 to	 date	 includes	 regional	
plant	species	lists	for	1,636	islands	and	993	mainland	regions	globally.	
Depending	on	the	plant	taxonomic	group,	GIFT	covers	between	70	and	
100%	of	 the	 terrestrial	 surface	of	 the	world	 for	native	plant	species.	
Given	that	GIFT	does	not	have	a	global	coverage	for	all	species,	61.5%	
of	the	species	in	the	present	study	did	not	have	complete	global	island/












































To	 assess	 the	 selfing	 ability	 of	 species	 quantitatively,	 we	 used	
four	 selfing	 ability	 indices:	 two	 self‐compatibility	 indices	 and	 two	
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autofertility	 indices	 calculated	 using	 fruit	 set	 and	 seed	 produc-




on	 the	mainland	 and	 islands	 as	 a	 multi‐categorical	 response	 vari-
able.	The	 response	variable	had	 the	 following	 three	categories:	 (a)	
mainland	species	(species	occurring	only	on	the	mainland);	(b)	island	
colonists	(species	occurring	on	both	the	mainland	and	islands);	and	
(c)	 island	endemics	 (species	occurring	only	on	 islands).	As	explana-
























that	is,	the	class‐wise	means	should	be	close	to	the	y = x line.








































species	 (Table	1;	Supporting	 Information	Figure	S1),	 the	results	on	




3.1 | Association of island colonists and island 
endemics with selfing ability
When	selfing	ability	indices	based	on	fruit	set	were	used,	we	found	








on	 seed	production	 (n	=	419	 for	 self-compatibility	 and	n	=	284	 for	
autofertility	 index)	 instead	 of	 fruit	 set	 (n	=	1,184	 for	 self-compat-
ibility	 and	 n	=	868	 for	 autofertility	 index)	 were	 used,	 the	 results	
were	slightly	different	(compare	Figure	1a,b	with	c,d;	and	compare	
Figure	 2a,b	 with	 c,d).	 Self-compatibility	 still	 increased	 the	 likeli-
hood	of	being	an	 island	colonist	 (Figures	1c	and	3),	but	 there	was	
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no	 relationship	 between	 the	 likelihood	of	 being	 an	 island	 colonist	
and	autofertility	 (Table	1;	Figures	2c	and	3).	Overall,	 there	was	no	
interaction	 between	 self-compatibility	 or	 autofertility	 and	 life	 his-
tory	(Table	1).
3.2 | Association of the occurrence of species on 












self-compatibility	 and	 autofertility	 did	 not	 differ	 between	 species	
that	occur	on	oceanic	islands	and	species	that	occur	on	continental	
islands	(Table	2).
Multicategorical response variable with 
mainland species as a reference
Island colonist versus 
mainland species
Island endemic versus 
mainland species

























how	the	 likelihood	of	being	 island	colonists	and	 island	endemics	compared	with	mainland	species	
depends	on	the	self-compatibility	or	the	autofertility	index	of	species,	scaled	to	a	mean	of	zero	and	a	
standard	deviation	of	one,	 their	 life	history	 (annual/biennial	or	perennial),	 and	 the	 interaction	be-
tween	self-compatibility	or	autofertility	and	life	history.	Shown	are	the	mean	and	the	2.5	and	97.5%	
percentiles	 (95%	 credible	 intervals)	 of	 a	 sample	 of	 29,400	 posterior	 distributions	 of	 each	 model	
parameter.
*nmainland	species	=	700;	nisland	colonists	= 440; nisland	endemics	= 44. 
†nmainland	species	=	517;	nisland	colonists	= 315; 
nisland	endemics	= 36. 
‡nmainland	species	=	207;	nisland	colonists	= 199; nisland	endemics	= 13. 
§nmainland	species	= 141; nis-
land	colonists	= 133; nisland	endemics	= 10. 
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3.3 | Association of the occurrence of native versus 




3.4 | Autofertility versus self‐compatibility as a 
driver of island occurrence
Within	the	subset	of	species	for	which	both	self‐compatibility	and	
autofertility	 indices	 were	 available,	 when	 indices	 were	 based	 on	
fruit	set	we	found	that	there	was	a	tendency	for	species	with	high	

















land	 species,	 but	 there	was	 no	 relationship	 between	 the	 likelihood	
of	 being	 an	 island	 colonist	 and	 self‐compatibility	 (compare	 Table	 1	
with	Supporting	Information	Table	S4;	compare	Figures	1	and	2	with	
Supporting	Information	Figure	S8).	Moreover,	the	positive	relationship	

















some	variation	 in	 the	 results	of	 the	different	 tests	 and	 subsets	of	
data,	plant	species	with	high	selfing	ability,	regardless	of	being	native	
or	 naturalized,	 tended	 generally	 to	 be	 island	 colonists	 rather	 than	
mainland	 species,	 supporting	 Baker’s	 law.	 We	 found	 similar	 pat-
terns	of	 association	between	 island	occurrence	and	 selfing	ability,	
whether	we	considered	all	islands	or	only	oceanic	islands.
We	 found	 that	 both	 self‐compatible	 and	 autofertile	 plant	 spe-
cies	were	more	likely	to	be	island	colonists.	Even	if	self‐compatibility	
and	autofertility	are	not	 independent,	 the	model	with	autofertility	
gave	 a	 better	 fit	 than	 the	 one	with	 self‐compatibility	 (Supporting	
Information	Table	S2),	and	in	the	model	with	both	self‐compatibility	
and	autofertility	there	was	still	a	positive	relationship	between	the	
likelihood	of	 being	 an	 island	 colonist	 and	 autofertility	 (Supporting	
Information	 Table	 S3).	 This	 suggests	 that	 autofertility,	 which	 re-
quires	both	autonomous	self‐fertilization	and	self‐compatibility	 (or	
apomixis),	 is	a	stronger	driver	of	 island	colonization	than	self‐com-
patibility	 alone.	 These	 findings	 corroborate	 previous	 ones	 on	 the	
role	of	autofertility	 in	 the	colonization	of	new	regions	 in	different	
contexts.	For	example,	in	North	America,	the	over‐representation	of	
autonomously	selfing	plants	in	populations	of	Campanula americana 
at	 the	northern	and	 the	western	 range	edges	has	been	 suggested	
to	be	the	result	of	post‐glacial	recolonization	from	southern	refugia	
(Koski,	Grossenbacher,	Busch,	&	Galloway,	2017).	Although	a	pre-













tion,	 island	 endemics	 might	 have	 evolved	 different	 breeding	 sys-
tems	compared	with	their	mainland	ancestors.	The	colonizers	from	
which	the	endemics	evolved	might	also	have	gone	through	mate	and	














ics	 accounted	 for	 only	 a	 relatively	 small	 number	 of	 species	 in	 our	







Some	 plants	 that	 were	 introduced	 by	 humans	 to	 both	 island	 and	
mainland	regions	from	mainland	regions	have	previously	been	shown	
to	exhibit	higher	selfing	ability	on	islands	than	on	the	mainland,	such	












Correlations	 among	 and	 trade‐offs	 between	 different	 species	
traits	 complicate	 the	 detectability	 of	 Baker’s	 law.	 Life	 history	 and	
growth	form	have	been	shown	to	play	a	major	role	in	the	geograph-
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ranges	than	the	diploid	ones	(Lowry	&	Lester,	2006).	Clonality	can	also	







Analysis with self‐compatibility Analysis with autofertility




1 0.849 .357 1 0.002 .964
Annual/biennial 1 6.884 .009 1 4.792 .029
Selfing	ability	×	
annual/biennial
1 4.153 .041 1 1.497 .221
Random	effect SD SDresiduals n SD SDresiduals n




1 1.248 .264 1 1.367 .242
Annual/biennial 1 6.053 .014 1 3.963 .046
Selfing	ability	×	
annual/biennial
1 3.833 .050 1 2.014 .156
Random	effect SD SDresiduals n SD SDresiduals n











Analysis with self‐compatibility Analysis with autofertility




1 0.462 .497 1 0.146 .703
Annual/biennial 1 10.123 .001 1 14.039 < .001
Selfing	ability	×	
annual/biennial
1 0.028 .867 1 1.254 .262
Random	effect SD SDresiduals n SD SDresiduals n




1 0.710 .399 1 0.342 .559
Annual/biennial 1 8.735 .003 1 11.980 <.001
Selfing	ability	×	
annual/biennial
1 0.044 .833 1 1.746 .186
Random	effect SD SDresiduals n SD SDresiduals n






TA B L E  3  Association	of	the	occurrence	
of	native	versus	naturalized	species	on	
islands	with	selfing	ability







included	 or	 excluded	 the	 species	with	 incomplete	 data	 on	 island/
mainland	distribution	(compare	Table	1	with	Supporting	Information	
Table	S4).	If	excluded,	the	association	between	occurrence	on	islands	
and	 selfing	 ability	 was	weaker	 (i.e.,	 less	 often	 positive).	 However,	
this	more	conservative	dataset	might	be	biased	toward	island	spe-
cies,	 because	 the	 GIFT	 database	 started	 with	 the	 compilation	 of	
island	floras	 (Weigelt	et	al.,	2017).	Given	that	only	a	few	mainland	
species	 remained	 in	 this	dataset,	 that	 is,	most	 species	were	 island	
colonists,	the	comparison	between	island	and	mainland	occurrences	
might	have	been	less	powerful	than	when	all	species	were	included.	





duction.	 Although	 seed	 production	 would	 be	 a	 preferable	 proxy	
for	maternal	 fitness,	 it	 is	 challenging	 in	 practice	 to	measure	 seed	
production,	 especially	 for	 non‐herbaceous	 species.	 For	 this	 rea-
son,	 compared	with	 seed	 production,	 fruit	 set	 has	 been	 the	most	
commonly	measured	variable	for	reproductive	success	in	pollination	
studies	(Knight	et	al.,	2005;	Razanajatovo	et	al.,	2016).	Nevertheless,	
fruit	 set	 and	 seed	 production	 can	 show	 similar	 patterns,	 as	 was	
found	 for	 pollen	 limitation	 (Knight	 et	 al.,	 2005).	 For	 the	 subset	of	
species	for	which	we	had	selfing	ability	indices	based	on	fruit	set	and	
seed	production,	the	two	indices	were	highly	correlated	(self‐com-
patibility	index:	Pearson’s	r = 0.833, p < .0001, n	=	384,	Supporting	
Information	Figure	S9a;	and	autofertility	index:	Pearson’s	r = 0.835, 
p < .0001, n	=	263,	Supporting	Information	Figure	S9b).	As	a	result	
of	the	much	larger	sample	sizes	in	our	analyses	with	selfing	ability	in-
dices	based	on	fruit	set	compared	with	those	based	on	seed	produc-
tion	(e.g.,	n	=	1,184	vs.	419	for	self‐compatibility	index,	and	n = 868 
vs.	284	for	autofertility	index	in	the	non‐conservative	dataset),	the	
analyses	with	indices	based	on	fruit	set	should	have	more	power	(van	





Our	 comprehensive	 test	 of	 Baker’s	 law	 shows	 that	 selfing	 ability	
may	 influence	 the	colonization	of	 islands	by	plants,	both	naturally	
after	long‐distance	dispersal	and	with	the	help	of	humans.	The	abil-
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